diographs of the lower and upper surface of adjacent vertebral bodies. The distance between the front margin of the two adjacent vertebral bodies and the meeting point of the two lines was measured by compass. The difference between the two distances is defined as slippage. The ratio of displacement to the distance of the upper surface of the lower vertebral body is defined as the percentage of slippage. The percentage of slippage at initial examination was recorded as 7 to 20%, with an average of 13.6%. The site of slippage was the L-3 vertebral body in five cases, the L-4 vertebral body in 125, and the L-5 vertebral body in 27. Twelve patients had double lesions. Radiological changes, changes in clinical symptoms, and functional prognoses were surveyed annually by a single clinician.
Patient Population
A total of 667 patients with degenerative spondylolisthesis visited our clinic from January 1981 to October 1989; at their initial visit we recommended that 464 of these patients undergo surgery for neurological symptoms such as sensory disturbance, muscle weakness, and cauda equina symptoms. Four hundred twenty-four patients underwent surgery, and the remaining 40 patients refused surgery. Three of these 40 patients died within 10 years, and two patients discontinued clinic visits. At initial examination 203 of the 667 patients decided in favor of conservative treatment because they had no clearly distinguishable neurological deficits except for low-back pain or pain in the lower extremities. Conservative treatment for these patients consisted of brace wearing, use of antiinflammatory drugs, and/or lumbar exercises. Forty of 203 conservatively treated patients dropped out of this study during the follow-up period, including 28 patients who died within 10 years and 12 who discontinued clinic visits. Fifty-three of the remaining 163 patients underwent surgery because of the occurrence of neurological compromise during the follow-up period. Development of neurological deficits was not correlated with progression of slippage.
One hundred forty-five nonsurgically managed patients (36 men and 109 women) in whom more than 10 years of follow-up data were available were subjects of this study. They included 110 patients who underwent conservative treatment and 35 who refused surgery. Patient characteristics are summarized in Fig. 1 . Of the 145 patients, 47 were involved in heavy labor such as farming or fishing, 41 were office workers, and 57 worked at home. Forty-six of the 145 patients were followed until death. Their average age at the time of initial examination was 58.6 years. The follow-up period was 10 to 18 years and averaged 15.8 years. The age range at the end of the study period was 69 to 85 years, and the average age was 76 years.
Statistical Analysis
Nonparametric statistical analysis was performed using the chi-square test with appropriate degrees of freedom. A probability value of less than 0.05 was considered significant.
Results

Radiological Changes
With the assumption that an increase in slippage rate of 5% or more constitutes progression of spondylolisthesis, progression was found in 49 cases (34%). The final percentage of slippage averaged 15.6% (7-29%). A percentage of slippage of 25% or more was found in 10 cases. The patients in whom a decreased intervertebral space size was demonstrated exhibited no subsequent progression of slippage (Fig. 2) . In contrast, 49 (96%) of 51 patients in whom no decrease in intervertebral space size was demonstrated exhibited progression of slippage (Fig. 3) . The degree of decrease in the size of the intervertebral space was significantly larger in the group of 23 patients in whom slippage did not progress as compared with the group in whom it did (1.5 Ϯ 0.8 mm, SD). Angular displacement of slipped segments was calculated based on lateral view x-ray films with the spine in the anterior flexion position. With the assumption that an angular displacement of 9˚ or more constitutes instability according to the criteria of Posner, et al., 17 this instability was demonstrated in 76 patients at the first visit; however, this instability decreased over the follow-up period (Fig. 4) .
Changes in Clinical Symptoms
At initial examination 110 patients suffered from lumbar rheumatism, with or without pain in the lower extremities. Pain in the lower extremities was transitory, and it was considered to be pain originating in the nerve root. The average duration of low-back pain was 3.2 months (1.5-6.8 months), and the frequency of episodes decreased with time. Eighty-five (77%) of the 110 patients experienced improvement in their symptoms during follow up. All 25 patients who experienced no change in symptoms were heavy laborers. Finally, 84 of the 110 patients who had no neurological deficits at initial examination remained free of neurological deficits after 10 years of follow up. The remaining 26 patients had minor neurological deficits such as numbness, but these patients did not require surgery. Forty-eight (86%) of 56 patients who had pain in the lower extremities experienced improvement of pain with conservative treatment, but pain recurred in 37% of them. Twenty-nine (83%) of the 35 patients who had neurological symptoms such as those of intermittent claudication or vesicorectal disorder due to cauda equina syndrome at initial examination and refused surgery experienced deterioration of these symptoms. Development of neurological deficits was not correlated with progression of slippage. The only symptom that changed with a decrease in intervertebral space size was low-back pain. Eighty-five (90%) of 94 patients in whom a decrease in intervertebral space size was demonstrated experienced improvement of low-back pain (Fig. 5) .
Final Functional Abilities in Daily Living
The 46 patients who participated in the follow-up study for more than 10 years until the end of their lives included 31 patients who underwent conservative treatment and were without neurological deficits at initial examination and 15 patients who refused surgery despite the presence of neurological deficits. Twenty-eight of these 31 patients could walk without assistance; however, none of the 15 patients who refused surgery could walk without help. Eleven of these 15 patients required a wheelchair in daily living.
Discussion
Degenerative spondylolisthesis develops as a result of a process of degeneration of the lumbar spine. 2, 16 It is characterized in most patients by hypertrophied arthritis of the facet joint, resulting in segmental instability predominantly in the sagittal plane. 16 Disc degeneration is associated with degenerative spondylolisthesis to a varying degree. Decrease in intervertebral space size, the osteophytic formation and ossification of spinal ligaments, and degeneration of the facet joint were proposed by Kirkaldy-Willis and Farfan 12 as radiographic findings of restabilization. In our study, the patients in whom the intervertebral space size had already decreased exhibited no subsequent pro- gression of slippage. This suggests that restabilization occurred over the natural course of degenerative spondylolisthesis. The decrease in the range of motion of the slipped segment in our study supports the development of restabilization.
Whether spinal fusion should be performed for the treatment of degenerative spondylolisthesis is controversial. Some authors believe that good results can be obtained by decompression alone, 6, 11, 19 but others have a different opinion. [3] [4] [5] 10 The usefulness of fusion for treatment of this condition should be evaluated based on excellent results of fusion. Whether fusion is required, based on the observations in this study of the natural course of this condition, has not been determined. Low-back pain, the major symptom experienced by patients with degenerative spondylolisthesis, improved after restabilization. Moreover, spinal instability, a major pathophysiological mechanism associated with this condition, disappeared without surgical fusion as a result of restabilization. Spinal fusion procedures for instability associated with this condition should not be performed in patients who have low-back pain alone (except for those who engage in heavy labor). If spinal restabilization has already occurred during the natural course of this condition, spinal fusion procedures are not required except when destabilization by decompressive laminectomy has occurred. Fusion in patients with spondylolisthesis is often related to the iatrogenic destabilization, which is caused by decompressive surgery. Less invasive surgery for decompression should be attempted. If restabilization does not occur, the decision to perform spinal fusion should be based on the patient's age and daily life activities. Sanderson and Wood 18 recommended decompressive surgery alone for elderly patients. The mechanism of development of clinical symptoms in degenerative spondylolisthesis is very complicated, and intervertebral disc degeneration, facet joint degeneration, spinal instability, compression of nerve tissues by herniated intervertebral disc, and other factors are intricately involved. 1, 9, 13, 15 Particularly in the case of spinal instability, no clear conclusion has been reached concerning what extent of instability is clinically important. A better critical definition of instability is required to determine the indication for spinal fusion.
Our clinic specializes in spine surgery, and most patients come to us to undergo surgery. It is likely that most patients with degenerative spondylolisthesis do not present to medical attention if they have low-back pain only or minor symptoms. Therefore, the percentage of all patients with this condition who undergo surgery may be low. In the present study, many patients who had no neurological deficits at initial examination remained free of neurological deficits after 10 years follow-up study. These findings suggest that conservative treatment is useful for patients who have low-back pain with or without pain in the lower extremities. Most of patients who had neurological symptoms at the initial examination and refused surgery suffered deterioration of these symptoms. The final prognosis for these patients was very poor. Surgical intervention is required for these patients at the onset of symptoms or sign.
Conclusions
This long-term prospective study on the clinical course of nonsurgically managed patients with degenerative spondylolisthesis provided information useful for determination of surgical indications. Conservative treatment is useful for patients who have low-back pain or pain in the lower extremities, given the occurrence of restabilization. Surgical intervention to protect against the development of severe functional disabilities is required for patients who have neurological symptoms or signs. 
